Background
==========

In 1896, the eminent Canadian physician Sir William Osler stated that "humanity has but 3 great enemies, fever, famine, and war; of these, by far the greatest and most terrible is fever" \[[@b1-amjcaserep-21-e925641]\]. Infection with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), a beta-coronavirus, usually manifests as fever, sore throat, coughing, and interstitial pneumonia, but the virus can also invade the central nervous system (CNS) and the peripheral nervous system (PNS) \[[@b2-amjcaserep-21-e925641]--[@b8-amjcaserep-21-e925641]\]. Neurological manifestations of SARS-CoV-2 infection include hyposmia, hypogeusia, headache, seizures, stroke, bleeding, sinus venous thrombosis, altered consciousness, encephalitis, demyelination, neuropathy, myalgia, and polyradiculitis \[[@b9-amjcaserep-21-e925641]--[@b11-amjcaserep-21-e925641]\], with encephalitis being rare. This report describes the disruptive effects of SARSCoV-2 infection on cognitive function of a previously healthy and sound middle-aged woman, resulting from acute hemorrhagic necrotizing encephalitis (AHNE) affecting various cortical areas involved in the cognitive network \[[@b12-amjcaserep-21-e925641]\].

Case Report
===========

A 44-year-old married woman developed a high-grade fever with myalgia, dry cough, hypogeusia, and hypoosmia after returning from a vacation in South India 10 days prior to admission. She took several over-the-counter medications, including cefpodoxime, acetaminophen, and levocetirizine, for 5 days, and her symptoms subsided within 3 days. After becoming afebrile, she became confused, disorientated, and apractic and developed a memory and thought disorder. She was healthy before the fever and had no known contacts with un-well individuals, no addiction or any other comorbidity, and 2 uneventful healthy pregnancies. Her mental history prior to the infection and her family history, including mental disease, were uneventful.

Due to an ongoing complete nation-wide lockdown, her care-givers could not seek medical help until she experienced a first generalized tonic-clonic seizure (GTCS), along with loss of sphincter control, loss of response to audio-visual and pain stimuli, and loss of consciousness (LOC). Because of her recent travel history, she was admitted to the isolation ward of our hospital. Abnormal vital signs on admission included sinus tachycardia and tachypnea, but the patient was afebrile and normotensive.

On neurological exam, the patient was deeply comatose. She had a Glasgow coma scale score (GCS) of E2V1M2 with no signs of meningeal irritation. Both pupils were equally wide and reacted sluggishly to light. All tendon reflexes were depressed. Plantar responses were bilaterally extensor. Fundoscopy showed no evidence of papilledema. Comprehensive cognitive function analysis could not be performed. There were no signs of involvement of cardiorespiratory and other bodily systems.

Blood tests on admission included serum lipids, thyroid function tests, blood cell counts, differential blood cell counts, coagulation tests, electrolytes, renal function tests, liver parameters, C-reactive protein, and blood sedimentation rate. All were within normal limits. She was negative for malaria, dengue, hepatitis B/C, and human immunodeficiency viruses. X-rays of her lungs and non-contrast computed tomography (CT) of her thorax showed no evidence of interstitial pneumonia.

Findings on magnetic resonance imaging (MRI) of the brain were indicative of AHNE ([Figure 1](#f1-amjcaserep-21-e925641){ref-type="fig"}). Contrast MR venography ruled out isolated cortical venous thrombosis. Cerebrospinal fluid (CSF) analysis showed mild lymphocytosis (total 20 cells, including 90% lymphocytes) with normal protein (60 mg/dl) and glucose (70 mg/dl) concentrations. Her IgG index was elevated, but there were no oligoclonal bands (OCB). Qualitative polymerase chain reaction (PCR) showed that she was negative for a panel of neuroviruses, including herpes simplex viruses 1 and 2, human herpes viruses 6 and 7, varicella zoster virus, Epstein-Barr virus, Japanese encephalitis virus, cytomegalovirus, mumps virus, enterovirus, adenovirus, and parvovirus-B19). However, real-time reverse-transcriptase polymerase chain reaction (rRT-PCR) assays of nasopharyngeal and oropharyngeal swabs (GeneXpert Xpress STARS CoV2) showed that she was positive for SARS-CoV-2. She was negative for auto-immune diseases and demyelinating conditions, including myelin-oligodendrocyte-glycoprotein disorders (MOG-opathies) and neuro-myelitis spectrum disorders (NMOSD). EEG could not be recorded because she was infected with SARS-CoV-2.

The patient was initially stabilized with airway and circulatory support along with empirical intravenous ceftriaxone (4 g/d) and vancomycin (2 g/d), followed by acyclovir (1.5 g/d), levetiracetam (1 g/d), saline 0.9% (1.5 l/d), and mannitol (300 ml/d) to lower her intracranial pressure (ICP). Based on a preliminary diagnosis of SARS-CoV-2-associated AHNE, she was administered high-dose intravenous methylprednisolone (1 g/d) for 5 days. Because methylprednisolone was ineffective, intravenous immunoglobulin (IVIG) treatment was planned, but unfortunately she died of her illness prior to this treatment.

Discussion
==========

SARS-CoV-2 is a primary respiratory pathogen, frequently accompanied by neurological complications involving the CNS and PNS \[[@b2-amjcaserep-21-e925641]--[@b8-amjcaserep-21-e925641]\]. CNS manifestations of SARS-CoV-2 infection include meningitis, encephalitis, AHNE, seizures, stroke, cerebral bleeding, sinus venous thrombosis, ataxia, and impaired consciousness \[[@b9-amjcaserep-21-e925641]--[@b11-amjcaserep-21-e925641]\]. PNS manifestations of SARS-CoV2 infection include hyposmia, hypogeusia, neuropathy, myalgia, and polyradiculitis \[[@b9-amjcaserep-21-e925641]--[@b11-amjcaserep-21-e925641]\]. Potential routes of neurotropism and neuroinvasion include retrograde axonal transport via olfactory nerve endings and/or taste buds \[[@b6-amjcaserep-21-e925641],[@b13-amjcaserep-21-e925641]\] or brain invasion via hematogeneous spread of the virus \[[@b14-amjcaserep-21-e925641]\].

In addition to direct damage by the virus, the CNS may be damaged indirectly by virus-induced inflammation, including neuronal damage due to a cytokine storm and accompanied by up-regulation of inflammatory markers \[[@b14-amjcaserep-21-e925641],[@b15-amjcaserep-21-e925641]\]. The CNS can also be damaged indirectly by hypoxia due to post-acute respiratory distress syndrome (ARDS)/pneumonia \[[@b16-amjcaserep-21-e925641]\], a prothrombotic state secondary to endothelial damage \[[@b14-amjcaserep-21-e925641]\], embolic events due to SARS-CoV-2-ACE2R-mediated vascular damage and disruption of the blood-brain-barrier (BBB) \[[@b2-amjcaserep-21-e925641],[@b4-amjcaserep-21-e925641],[@b6-amjcaserep-21-e925641],[@b14-amjcaserep-21-e925641]\], drugs administered during the infection \[[@b14-amjcaserep-21-e925641]\], prolonged ICU stay \[[@b14-amjcaserep-21-e925641]\], or septic or cardiogenic shock \[[@b14-amjcaserep-21-e925641]\].

GTCS and LOC are likely direct results of viral encephalitis or are indirectly mediated by toxins, resulting from hypoxic encephalopathy, metabolic encephalopathy on a background of multiorgan dysfunction syndrome (MODS), seizures that cause post-ictal confusion, or SARS-CoV-2-associated acute cerebrovascular events \[[@b3-amjcaserep-21-e925641],[@b7-amjcaserep-21-e925641]\]. Clouded sensorium may delay the diagnosis, as it is still an under-appreciated manifestation of the disease, as the primary focus in SARS-CoV-2 infected patients is the respiratory system. Neurologic manifestations, at least subtle manifestations, may precede respiratory symptoms \[[@b17-amjcaserep-21-e925641]\]. For example, the first report of a patient with SARS-CoV-2-associated meningitis/encephalitis found that, despite the absence of virus in nasopharyngeal and oropharyngeal swabs, the CSF was positive for virus by RT-PCR, indicating possible neuroinvasion in the absence of respiratory invasion \[[@b18-amjcaserep-21-e925641]\]. The first report of a patient with SARS-CoV-2-associated AHNE suggested that AHNE was induced by a generalized cytokine storm caused by SARS-CoV-2 infection \[[@b19-amjcaserep-21-e925641]\], resulting in damage to the BBB, without direct viral invasion or parainfectious demyelination, which are common in AHNE \[[@b20-amjcaserep-21-e925641]\]. The cerebral MRI of the first patient with SARS-CoV-2-associated AHNE displayed a hemorrhagic rim enhancing lesions within the thalami, medial temporal lobes, and subinsular regions \[[@b19-amjcaserep-21-e925641]\]. AHNE was also reported in a 59-year-old woman with anemia, seizures, and somnolence \[[@b21-amjcaserep-21-e925641]\] and, on autopsy, in a polymorbid 77-year-old woman \[[@b22-amjcaserep-21-e925641]\].

Neurological substrates showing involvement in the present patient included the dorsolateral prefrontal cortex (DLPFC), the ventromedial prefrontal cortex (VMPFC), the anterior cingulated cortex (ACC), the orbito-frontal cortex (OFC), and the posterior parietal cortex (PPC). Deficits in the DLPFC include executive deficits, inapt approaches to problem solving/analysis, working/procedural memory dysfunction, defective retrieval, impaired attention, lack of initiative and spontaneity, and dis-inhibited responses. Deficits in the VMPFC include dysregulation of social emotions and severe impairment in personal/social decision-making, whereas deficits in the ACC include loss of selective attention. Deficits in the OFC include dysregulated impulses, repetitive behaviors/gestures, and drives, whereas deficits in the PPC include problems with planned movements, visuo-spatial problems, prosopagnosia, and inattention. The lack of fluctuation in the severity of cognitive impairment in our patient suggested acute-onset cognitive impairment rather than delirium. MRI findings were consisted with most of the clinically identified neuro-substrates. The pattern of cognitive impairment in the present patient was comparable to the neurocognitive sequelae of other types of viral encephalitis \[[@b23-amjcaserep-21-e925641]\].

Conclusions
===========

This report confirms that SARS-CoV-2 is a potential CNS pathogen. CNS manifestations of SARS-CoV-2 infection can include AHNE presenting as GTCS and frontal dysexecutive syndrome. The present patient is the first to date with acute-onset and isolated cognitive impairments due to SARS-CoV-2 infection in the absence of clinical or radiological respiratory manifestations. These findings may assist in the early detection and diagnosis of neuro-coronavirus disease-2019 (COVID-19), especially among clinicians and neurologists working in areas of endemic SARS-CoV-2 infection. Identifying isolated AHNE may prevent further transmission of SARS-CoV-2 infection, as well as help in early initiation of adequate treatment.
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![Cerebral MRI of the index patient, yielding findings suggestive of AHNE. T2-weighted images showing non-enhancing altered intensity lesions in the left high fronto-parietal (arrow) and right posterior parietal (arrows) areas with peri-lesional edema (**A, B**) and signal blooming in gradient recalled echo (GRE) MRI with mass effect over the adjacent falx towards the right side (**C, D**).](amjcaserep-21-e925641-g001){#f1-amjcaserep-21-e925641}
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